Information on domestic emu behavior is sparse and hence a study was undertaken to identify and describe the behavior of domestic emus in a farm setting. The behavioral repertoires, activity time budgets, effect of time of the day, sex, weather, and relative humidity on activities of adult emus were investigated. Eight randomly selected emus were observed using one-zero sampling method for 12 days, each period of observation lasting 30 minutes. The major behavioral categories identified were ingestive drinking, standing, locomotion, grooming, socialization, vocalization, and resting. The emus spent most of their time walking, standing, and eating. Immediately after moving to a new pen, emus were found to huddle together to keep away from emus already resident in the pen. The time spent on each activity was not significantly different between the sexes. The findings from this study provided important information on the behavior and activities of emus. The observed behaviors need to be further examined to assess their relations to the birds' welfare.
Introduction
Emus are native to Australia and are farmed worldwide for fat (emu oil), meat, and leather. Despite a long history of use of emu oil for wound healing by the aborigines, it was only in the 1970s that the Australian Government gave permission to capture 300 wild emus to establish a primary breeding stock for domestication. The commercial farming of emu began only in the late 1980s and then the industry spread to Europe, North America, Asia, and Africa [1] . Current popularity of emu farming in the USA [2] and India [3] warrants the need to understand the behavior of these birds. It also becomes increasingly important to understand behavior repertoires for improving husbandry practices and interpreting welfare implications [4] .
Understanding the feelings in animals through behavioral observations is a vital step in improving their welfare [5] . An animal's welfare is compromised when it is having difficulty in coping with its environment [6] , when in pain, when feeling fear, or when being unable to control its interactions [7] . Animals respond to stress through a variety of coping mechanisms involving the HPA (hypothalamic-pituitary-adrenal) and SA (sympathoadrenal) axis, leading to physiological and behavioral changes [8] . Hence, changes in the repertoire and time budgets of poultry could indicate welfare issues [9, 10] . Behavioral changes would encompass unusual, repetitive (stereotypic) actions as well as the absence of normal behavior of the species.
Among ratites (emu, ostrich, kiwi, rhea, cassowary, and tinamou), the behavior of ostriches has been considerably researched [11] . Studies conducted on the behavior of ostriches have identified behavior groups such as sitting, standing, pacing, walking, foraging, feeding [11] , inactive, locomotive, ingestive, ground pecking, object pecking, preening, aggression (hiss/beak gapes, threat display, 2 Journal of Animals chase, run-chase, chest ramming, kicking, mounting, and trample [4, 12] ).
In one study, the behavior of emus has received very little attention [13] [14] [15] [16] . The behavior of emus after declawing was described under six major categories, namely, inactive, ingestive, posture change, grooming, aggression, and locomotion [17] . There are few studies conducted on specific behaviors of emus such as sleep [13] , reproduction [18] , vigilance [19] , and an abstract on emu chick behaviors [20] . The only published research study on emu behavior [14] was conducted on young emus (less than 2 years of age) from Australia and Britain. This study did not describe their behavior or conduct any statistical analysis.
Therefore, it was decided to determine the behavior repertoires and time budgets in adult domestic emus (above five years of age) in Canada. The intention was to establish a list of common behaviors to be utilized for further studies on their welfare.
The objectives of the current study were to
(1) identify and describe major behavior components; (2) establish the activity time budgets; (3) determine the effect of time of the day, sex, and weather on activities of adult domestic emus.
These data could be utilized to build a knowledge base on emu behavior for assessment of their welfare.
Materials and Methods
This study was carried out under the University of British Columbia Animal Care permission # A10-0104.
Management.
Four pairs of adult emus (above 5 years of age) were observed in the postbreeding season, just after the cessation of egg laying (late spring, early summer). Emus were housed in a large outdoor pen (28 × 45 feet) containing natural forages that was located at the large animal care facility of the University of British Columbia. After completion of this study, emus were housed in two pens of the same dimension (28 × 45 feet), so as to observe their behavior when separated from conspecifics. Emus had ad libitum access to pelleted ratite feed (Otter Co-op, Aldergrove, British Columbia, Canada) and drinking water. Each emu was identified according to the differences in colouration and markings on their body. The sex of the emus was determined by cloacal palpation [21] at the end of the study.
Observations.
A blind was set up at a good vantage point outside the emu pen, one week prior to the study. The observer spent one hour in the blind every day for the emus to acclimatize to the observer getting in and out of the blind and also to refine the observation protocols. The emus were observed for 30-minute periods in the morning (07:00 a.m. to 09:00 a.m.) and late afternoon (3:00 p.m. to 5:00 p.m.) for 20 days prior to the start of the experiment to get a probable set of activities for constructing a behavior repertoire. The description of each of the behavior categories was also noted down and thus a data recording sheet was developed (Table 1) . A behavior that lasted for the whole observation interval (30 seconds) was classified as a state. Those behaviors that were shorter in duration (less than 30 seconds) were classified as events [22] . During scoring, no distinction was made between states and events and between single and multiple occurrences during the interval. The main study was conducted over a 12-day period, during which the behavior of individual emus in their natural group setting was recorded for four 30-minute long observational sessions per day so as to record the behavior of each emu for at least six hours. Each observational session (30 minutes) was divided into sixty 30-second intervals. All the occurring events were noted down using one-zero sampling technique [23] . All behaviors which did not occur in a particular interval were scored zero, while those that occurred were scored one [22] . During each observational session, two randomly selected emus were observed at the same time, such that all eight emus were observed each day. There were two observation sessions in the morning and two in the late afternoon of 30-minute duration. There was a 30-minute break after each observation period to avoid observer fatigue. This period also coincided with the time following the checking of pens by the care-takers (handlers). Each emu was observed for a minimum of 10 hours prior to the commencement of the study and then for six hours during the study. All of the activities of emus were recorded during the 480 intervals and then the one-zero scores for each behavior were calculated [22] . The routine management of these emus was not disrupted and therefore how these emus reacted to their care-takers was also evaluated.
The behavioral patterns of these emus were also observed for five days (one hour each in the morning and noon) after they were regrouped and housed in separate pens, so as to identify unusual behaviors. The behavioral events and responses to handlers during handling for regrouping were also noted down. The meteorological data including temperature, humidity, and weather condition were also noted (http://www.climate.weatheroffice.gc.ca) during the different observation periods and categorized for analysis.
The weather conditions recorded under six categories were scored as follows.
(1) clear = 1, (2) mainly clear = 2, (3) mostly cloudy = 3, (4) cloudy = 4, (5) rain showers = 5, and (6) rain = 6.
The relative humidity was recorded under three categories as follows: (1) low = 47-60%, (2) medium = 61-71%, and (3) high = 72-83%.
Statistical Analysis.
The mean one-zero score of each of the behaviors for individual emus was calculated by summing the total observations (ones) and dividing by the total number of periods so as to produce the corresponding one-zero scores. Then the activity time budget [26] for the morning and late afternoon sessions was calculated as Time budget = number of intervals for the behavior total no of intervals × 100.
(
Journal of Animals 3 (6) Preening Self-preening with the beak. (7) Dust bathing Rubbing the neck or any portion of body against the ground, shaking both wings either crouching or sitting. (8) Feather picking Pecking at the feathers of other emus. (9) Body shaking Shaking body/wings while standing. (10) Head shaking Shaking the head.
(IV) Standing (11) Standing Standing with the neck in S shape and feathers flattened or straight. 
Results

Behavior of Emus.
The major categories of behavior identified from among all those observed (Table 1) were ingestive, drinking, grooming, standing, locomotion, socialization, vocalization, resting (sitting, sleeping), and others.
Ingestive
Behavior. This included feeding on concentrate feed pellets in the feed trough, foraging on insects and plant material, and picking up stones and ingesting them ( Table 1) . Refilling of feed troughs in the morning was found to stimulate the emus to eat the concentrate feed. The three dominant emus (judged by how frequently they displaced other emus from the feeding trough) were the first to approach the feed trough. Other emus were found to wait for these emus to move away before approaching the feed trough. While foraging, emus walked across the pens, pausing in between to nib at the grasses and other foliage inside the pen. They were also found to pick up stones from the ground or just peck at the ground while grazing.
Grooming Behavior.
Emus frequently preen feathers with their beaks and they do this while sitting, standing, or walking. Emus were found to preen feathers very frequently on rainy days. They lack preen glands and hence their feathers become quite moist when exposed to rain.
Resting Behavior.
Emus were found to rest with their eyes closed while standing or in the sitting position for periods ranging from thirty seconds to three minutes. Emus sit on their hocks in the squatting position and they would eat, drink, preen, and even forage from this position. They would also sit with just the ventral portion of the body touching the ground or with the whole length of the neck also in contact with the ground. Emus preferred to sit under the sun with their neck extended and even rest or sleep at dusk and early in the morning in the sitting position.
Vocalizations.
The vocalizations included "drums" by female and "grunts" by male emus (Table 1) . There was considerable variation in the loudness, duration, and pitch of these calls among individuals.
Other Behaviors.
Emus would also infrequently peck at the fences, wooden poles, and other plants inside the pen while grazing. Emus drank by using their beak to scoop up the water, shaking their head while gulping and pausing in between. They liked to splash water on their body and would dip themselves in large drinking water troughs. Their activities were not generally interrupted by rain and we have never observed them seeking shelter when it was raining. Emus were startled by the slightest noise and then they would stop all their activities and became vigilant. Usually at least one of the emus kept watching while others were feeding.
Unusual Behaviors.
Emus which were separated from conspecifics continuously paced along the fences without eating or foraging. Immediately after changing pens, emus were found to huddle (stay in groups in one corner) away from the emus already present in the pen. Another behavior observed after regrouping was repetitive pecking at the fences. Responses to handlers included running into fences, jumping, kicking, slipping, stopping (balking), falling, and sitting (disinclination to move).
Temperament.
The temperament of these emus inside the pen was noted down on all the 12 days during the time when care-takers were inside the pen to provide feed or water. Their behavioral response to care-takers was classified as friendly, docile, cautious, panicky, and flighty (Table 2) . These categories were not mutually exclusive. From our observations, two of the emus were friendly and docile while three of them were cautious and docile. The other three were panicky. There were no flighty emus in this group. We could notice bouts of aggressive behavior during this study among two female emus only. None of the emus were aggressive towards their care-takers.
Activity Time Budgets.
The mean total activity score (one-zero scores) of an emu during a 30-minute observation period was found to be 120 ± 32. The atmospheric temperature during the period of study varied from 12.9 ∘ to 26.2 ∘ C, while the relative humidity (RH) varied from 47 to 83%. The activity time budgets (eight major behaviors) given in Figure 1 showed that emus spent most of their time walking, standing, and eating.
The time budgets for the time periods (morning and noon hours) are given in Table 3 . The emus stood for significantly longer ( = 0.02) duration in noon than in the morning period and walked significantly ( = 0.03) less in the noon. There was no significant difference between the sexes for any major behavior. There was no significant effect of weather condition or temperature on the time budgets.
Relationships among Behavior Components.
The linear relationship between the following variables was significant ( < 0.05). Locomotion was positively correlated to eating ( = 0.27) and grooming ( = 0.25). Resting was negatively correlated to eating ( = −0.32) and vocalization ( = −0.25). The emus stood more when the RH was less ( = −0.26). The variable standing and the period of the day were significantly associated ( pb = 0.26) indicating that emus spent more time standing in the afternoon observation periods.
Discussion
A thorough understanding of the behavioral needs of emus is important to ensure better management and welfare. However, the behavioral repertoire of emus has received very little attention [14] . In this study we observed and described the behavior of adult emus in the post-breeding period. Examination of the behavioral repertoire of emus is important to better understand the changes consequent to stress [15] (this information was used in a study on transport stress in emus [27] ). As one-zero scores are correlated to both frequency and duration of behavior [28] , our sampling technique may be considered to be a good method to record events and intermittent behavior [22, 28] . The shorter durations of the time intervals selected, that is, 30 seconds, helped to improve the reliability of the findings [28] . The activity time budget was determined on a yes/no basis within a certain period. Use of the same observer in the study was essential to be consistent in determining the occurrence of behavior (whether it was a yes or a no). A single trained observer was used for the same as more than one observer would create variation in the measurement. The observation period was short enough to avoid observer fatigue. The observer is "blind" to the treatment; that is, sex of the birds was determined only after completion of the experiment.
The findings from this study are applicable to domestic emus maintained in farms in Canada. The behaviors described are based on the descriptions made by the observer prior to the study and verified by external experts. The behaviors observed and described in the male and female emus included in this study were later tested in field experiments conducted in a private farm in Saskatchewan [27] and were found to be similar, thus confirming the validity of the findings made in this study. (Table 1 ). In general, emus seem to have similar behavior as that of other ratites such as ostriches [4, [29] [30] [31] and rheas [32, 33] . The behaviors of emus observed in this study were classified based on previous studies of ostriches [4, 11, 12, 29] . Incidental observation of behavioral responses is considered helpful in assessing the potential impacts of common management practices on animals [34] . Sitting with just the ventral portion of the body touching the ground or with the whole length of the neck also in contact with the ground appeared to be the resting behavior in these birds (emus [13] and ostriches [29] ). Emus sleep in this position at dusk and early in the morning [13] , but none of these studies reported them standing with eyes closed. Vigilance behavior in emus has been reported in free-living wild emus [19] but has not been reported in farm emus. These emus spend considerable amount of time standing vigilant rather than foraging or resting [30] . It has been observed that birds with interrupted sleep fall asleep for few seconds in a semialert state with a single eye still kept open [35, 36] . Similarly, it is likely that emus which are on vigil had curtailed night sleep and had been involved in "micronaps, " with either one or two eyes closed.
Behavior of Emus
The inclination to play in water is known [20] and hence could be suggested as a means to enrich pens and thus promote the welfare of emus, especially in summer. The dominance shown by females was evident as some of them were always successful in displacing others from the feed trough. Weaker, smaller, and subordinate birds in the group are usually displaced at the feed bin by bigger, healthier, and dominant emus [37] . The aggressive behavior of emus observed in this study is comparable to that in ostriches [12] .
Emus are curious birds and spend considerable amount of their time in beak related activities including foraging, preening, and pecking at the ground and other objects in the pen. Emus also pick up stones and grit while feeding, which is found to help them in digestion [38] . In cases where there is inadequacy of substrates and forages inside the pen, emus might have a very limited activity choice. At such times, it is likely that they spend more time pecking inanimate objects [39] especially when they experience boredom. This points to the need for environmental enrichments in pens to improve the welfare of these birds. However, separation of emus into groups led to fence pecking which appears to be their means to express frustration.
Pacing has been reported as a predominant activity in ostriches [4, 30] , rheas [33] , and emus [14] . It is also at times referred to as an abnormal behavior due to frustration and/or confinement [29] , if done stereotypically [14] . Hence it is important to consider the time budgets over a period of time to know the drive behind this behavior. Increase in displacement activities [40] such as pacing is induced by confinement, movement restriction [41] , and social reorganisation [34] . This is an indicator of stress in emus [42, 43] , ostrich [11, 44] , and chicken [45, 46] and a mechanism to overcome the stress [47] .
Huddling is the first line of response to a strange environment [48] and also an attempt to reduce heat loss from the body. So, in emus, the focus should be on these three behaviors while comparing time budgets.
Though we noticed few bouts of aggressive behavior during this study, it was not seen in all emus and was not very frequent. Aggression in female emus is commonly noticed during the breeding season and otherwise they have a docile temperament [18, 24, 49] . As emus have a different temperament in the breeding season, it is likely that human interventions might add to the stress they are already experiencing. Any attempt to interfere with the social orders through regrouping or transportation during this period might prove extremely stressful and hence should be avoided.
Observations on the response of emus to handlers showed that training them or maintaining constant contact would help to reduce flighty responses, making handling easier. Thus stockmanship has an important role in their welfare.
Activity Time Budgets.
Our findings showed that adult emus spent most of their time in locomotion and standing, whereas a previous study in younger emus reported sitting as the major activity [14] . In this study, emus were found to stand more in the latter half of the day, as they had a more active foraging period in the morning. Similar temporal variation in activities has been reported in ostriches [30, 50, 51] . We could not find any significant effect of sex on the activity time budgets in emus, probably as the period of study was after the end of breeding season in Canada.
Activity time budgets are often used as a diagnostic tool to assess adjustments made by animals to the behavior homeostasis on exposure to stressors [52] . To study the impact of stress on emus, it is important to focus on the changes in normal behavior (stereotype or absence) and identify unusual ones. Behavioral changes [53, 54] , such as stereotypies [7, 55, 56] and vocalization [57] , could provide greater insight into the physical and emotional status of these birds and have to be studied in greater detail.
Conclusion
This study did succeed in collecting valuable information on the different behavior as well as patterns thereof in adult emus in Canada, in an experimental farm setting. Activity time budgets before and after an intervention could be utilized to evaluate behavior changes and thus the stress experienced by these birds. Emu behavior was unaffected by sex. The findings from this study could be utilized to build a knowledge base on the relationship between behavior and welfare of emus.
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